.
26 1. Introduction 27 [2] Absorbing carbon aerosols such as black and organic 28 carbon can convert sunlight into infrared radiation, heat the 29 atmosphere and reduce surface insolation. On the global 30 scale, black carbon aerosol is considered to be the second 31 largest radiative forcing agent after carbon dioxide 32 [Ramanathan and Carmichael, 2008] , while carbon aero-33 sols' regional effects may even outweigh those from the 34 greenhouse gases in Asia and Africa. By redistributing solar 35 heating, carbon aerosols can weaken the Asian summer 36 monsoon or change the seasonality and latitudinal distribu-37 tion of the monsoon rainfall [Ramanathan and Carmichael, 38 2008; Menon et al., 2002; Lau and Kim, 2010; Meehl et al., 39 2008; Wang et al., 2009] . Increased aerosol concentrations 40 may have played a major role in causing the observed drying 41 trends over Africa, South and East Asia in the past 50 years 42 [Bollasina et al., 2011; Ramanathan and Carmichael, 43 2008] . 44 [3] In addition to these regional effects, Asian carbon 45 aerosols, if they continue to increase, could perturb the 46 large-scale circulation [Chung and Ramanathan, 2003;  
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[10] In terms of global annual mean surface air tempera- 233 have negative anomalies with comparable amplitudes over 234 Hawaii as would occur during such events if they were 235 excited from the equatorial Pacific. Lack of significant 236 equatorial precipitation anomalies in 10Â ( Figure S2 ) also 237 support that the DJF Z500 anomalies in Figure 3 are not 238 tropically excited. Moreover, in the CAM3 experiment there 239 are no SST anomalies to sustain forcing from the tropics. 240 [17] Earlier we hypothesized that aerosol induced changes 241 in either the monsoon hydrological cycle or in radiative 242 heating in Asia could cause large-scale circulation changes. 243 We find the solar heating anomalies in the Asian box in 10Â 244 are at least an order of magnitude larger than the latent heat 245 anomalies in the same region as well as in the Tropics. Thus 246 we think the US warming and high pressure anomalies in 6Â 247 and 10Â are likely caused by aerosol direct effects, rather 248 than by changes in the hydrological cycle. The similarity of 249 the Z500 patterns but disagreement in the Asian precipita-250 tion anomalies in the CCSM4 and CAM3 experiments also 251 support this conjecture. C TAS warming on average over the eastern US during 257 winter and over almost the entire US during summer. This 258 warming is in addition to the anthropogenically-induced 259 TAS warming over the same US domain found in the 260 CCSM4 RCP4.5 experiment [Meehl et al., 2012] , which 261 during 2005-2024 is about 0.9 C and 0.7 C in DJF and JJA, 262 respectively. Hence the US warming is amplified by roughly 263 50% by the remote effects of the enhanced carbon aerosols 264 over Asia in the 6Â and 10Â experiments. 265 [19] These remote impacts on the US are largely repro-266 duced by a CAM3 specified heating experiment, providing 267 additional evidence that the increased tropospheric heating 268 from solar absorption due to greater concentrations of car-269 bon aerosols over Asia can directly affect US climate. This is 270 in spite of the differences in the formulation of the two 271 atmospheric models and the many approximations in the 272 heating profile used in the CAM3 experiment. The agree-273 ment not only adds more confidence to our results, it sug-274 gests that the remote impacts may not be very sensitive to 275 the fine structure of the heating profile. However, we must 276 add the caveat that there are large uncertainties in black 277 carbon aerosol emission data and aerosol indirect effects are 278 not represented in the model we have employed. 
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[21] The Editor thanks two anonymous reviewers for assisting in the 285 evaluation of this paper. direct radiative forcings of black carbon aerosols emitted from major
